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Abstract: X-rays have contributed in no small measure to our understanding of the
equilibrium structure of matter with atomic resolution. They provide a probe that is
sensitive to electron density variations at the Å-length scale, appropriate for
studying the structures of gases, liquids, and amorphous and crystalline solids. X-
rays from synchrotron sources are now being used to study not only static
structures, but also equilibrium dynamics, complementing and extending the
capabilities of the traditional dynamical probes: light scattering and neutron
scattering. The new x-ray free-electron lasers hold the promise to extend the role of
x-rays to understand the static and dynamic behavior of matter at the Å-length
scale. With their high intensity and subpicosecond pulse length, x-ray FELs such as
the LCLS at Stanford could be used to determine the structures of single
biomolecules and small aggregates, study the nonequilibrium dynamics of chemical
reactions, probe the structure and dynamics of warm dense matter (the state of
matter in the core of large planets and cool stars), and study the equilibrium
dynamics of polymers. The opportunities afforded by LCLS will be presented with
an emphasis on the unique source characteristics that will make these studies
possible.
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